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ABSTRACT
With the launch of the Wide-Field Infrared Survey Explorer (WISE), a new
era of detecting planetary debris around white dwarfs has begun with the WISE
InfraRed Excesses around Degenerates (WIRED) Survey. The WIRED Survey
will be sensitive to substellar objects and dusty debris around white dwarfs out
to distances exceeding 100 pc, well beyond the completeness level of local WDs
and covering a large fraction of known WDs detected with the SDSS DR4 white
dwarf catalogue. In this Letter we report an initial result of the WIRED survey,
the detection of the heavily polluted hydrogen white dwarf (spectral type DAZ)
GALEX J193156.8+011745 at 3.35 and 4.6 µm. We find that the excess is con-
sistent with either a narrow dusty ring with an inner radius of 29 RWD, outer
radius of 40 RWD, and a face-on inclination, or a disk with an inclination of 70
◦,
an inner radius of 23 RWD, and an outer radius of 80 RWD. We also report initial
optical spectroscopic monitoring of several metal lines present in the photosphere
and find no variability in the line strengths or radial velocities of the lines. We
rule out all but planetary mass companions to GALEX1931 out to 0.5 AU.
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1. Introduction
The Wide-field Infrared Survey Explorer (WISE) is a NASA medium class Explorer
mission that was launched on 14 Dec 2009 (Wright et al. 2010). WISE mapped the entire
sky simultaneously in four infrared (IR) bands centered at 3.4, 4.6, 12, and 22 µm (W1, W2,
W3, and W4, respectively) with 5σ point source sensitivities of approximately 0.08, 0.1, 1,
and 6 mJy, respectively. WISE has several main goals, namely to take a census of cool stars
and brown dwarfs close to the sun, probe the dustiest galaxies in the universe, and catalogue
the Near Earth Object population (Wright et al. 2010). The WISE mission will also provide
crucial information about a diverse range of phenomena in the IR sky at a sensitivity 100
times better than IRAS.
The WISE InfraRed Excesses around Degenerates (WIRED) survey is designed to detect
infrared excesses around white dwarfs (WDs) using photometry from the WISE catalogue.
Dust, low mass companions, and cyclotron radiation from accreting magnetic WDs all emit at
mid-IR wavelengths, providing a rich variety of sources to be discovered. There are over 2131
WDs spectroscopically identified in the McCook & Sion catalogue (McCook & Sion 1999;
Hoard et al. 2007) and over 18,000 identified in the DR7 WD catalogue (Kleinman & et al.
2010)–many of these objects will be detected with WISE.
Dusty WDs in particular provide information on the future fate of our own Solar Sys-
tem, as well as planetary systems around other stars. Planetary systems can survive post
main sequence evolution and mass loss as a central star becomes a WD (Duncan & Lissauer
1998), though many objects in the inner system are expected to be destroyed through en-
gulfment or evaporation (Villaver & Livio 2007, 2009; Nordhaus et al. 2010). Rocky plan-
etesimals can survive gas drag and sublimation during post-main sequence evolution (Jura
2008; Dong et al. 2010; Bonsor & Wyatt 2010), while simple models suggest icy planetesi-
mals should be evaporated out to a few hundred AU for most stars (Stern et al. 1990). The
parent bodies of debris disks that have been observed with various Spitzer Space Telescope
(Werner et al. 2004) surveys evolve through post main sequence evolution and can become
detectable during the planetary nebula phase (Su et al. 2007; Chu et al. 2009), but rapidly
become too cold to be observed at any wavelength (Bonsor & Wyatt 2010).
These planetesimals may once again become detectable later in a WD’s evolution as
it cools. Roughly 25-30% of cool isolated WDs show metal enrichment through optical
spectroscopic detection of Ca or other lines (Zuckerman et al. 2003; Koester et al. 2005;
Zuckerman et al. 2010) or show emission due to heated gas (Ga¨nsicke et al. 2006, 2007,
2008). Metal polluted, hydrogen atmosphere WDs have short settling times for metals
(Koester 2009) and are inferred to be actively accreting metal rich material. Eighteen of
the known metal enriched WDs show IR excesses due to optically thick dust located at a
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radius of ∼10 RWD (Jura 2003; Reach et al. 2005; Kilic et al. 2006; von Hippel et al. 2007;
Farihi et al. 2010).
Given the short lifetimes of dust due to collisions or Poynting-Robertson drag at such
distances, the optically thick disk of dust evolves on a viscous timescale, while the presence
of strong silicate emission features in most of these dusty disks that have been observed
with the Infrared Spectrograph on Spitzer points to an additional reservoir of optically thin
material (Jura et al. 2007b; Reach et al. 2005, 2009).
The presence of dust within a region that should be devoid of any material due to
post main sequence evolution of the WD progenitor is challenging to explain. Planetesimals
must be perturbed (presumably by a planet) on timescales that range from a few Myr to
a few Gyr and tidally disrupted by the central WD (Jura 2003, 2008). The perturbation
of planetesimals by the post main sequence destabilization of giant planetary systems has
been proposed, but to date no quantitative predictions for the lifetime or efficiency of this
mechanism have been made (Debes & Sigurdsson 2002).
The circumstantial evidence, however, is compelling. Order of magnitude estimates for
the expected number of metal polluted WDs from Debes & Sigurdsson (2002) are consis-
tent with what is observed and is similar both to the frequencies of giant planets in orbit
around early type stars (Johnson et al. 2010) and the estimated frequencies of close-in Earth
mass planets (Howard et al. 2010). Post main sequence planetary systems provide an im-
portant complementary sample to main sequence planetary systems and will provide crucial
compositional information on extrasolar planetesimals impossible with other observational
techniques.
Yet several questions about dusty and metal enriched WDs remain. The lifetime of
dust, the exact structure of the dusty disks, and their evolution are all highly uncertain.
The answers to such questions may come via large number statistics from which trends and
correlations can be identified.
In this respect, the WIRED survey is uniquely positioned to provide a large number
of dusty WDs to help answer these and other questions. WISE’s 5σ sensitivity limits of
0.08, 0.1, 0.8, and 6 mJy in the W1, W2, W3, and W4 bands are low enough to detect
dusty disks in W1 and W2, such as that detected around G29-38, out to ∼140 pc, and its
bright silicate feature out to ∼55 pc. A WD with Teff ∼10,000 K, the approximate mean
Teff of the SDSS DR4 survey (Eisenstein et al. 2006), has a g magnitude of ∼18 at 140 pc
(Bergeron et al. 1995). There are 1800 WDs with g<18 in the DR4 catalogue and ∼1% of
WDs with Teff ∼10,000 K (or a cooling age of 600 Myr for a 0.6 M⊙ WD) harbor dusty disks
(Farihi et al. 2010), implying as many as 18 could be detected with the WIRED survey. The
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DR7 WD catalogue will contain twice as many objects as the DR4 catalogue; in concert with
the McCook & Sion catalogue (McCook & Sion 1999; Kleinman & et al. 2010), this could
mean as many as 60–70 new dusty WDs will be discovered.
In this Letter we present an initial result from the WIRED survey: the detection of a
significant IR excess around GALEX J193156.8+011745 (hereafter GALEX1931). This DAZ
was recently discovered to have a large amount of metal rich material in its photosphere,
and a possible near-IR excess (Vennes et al. 2010). The nature of the excess was unclear,
however, because H and K photometry were consistent with either a brown dwarf or a dusty
disk (Vennes et al. 2010). In §2 we demonstrate that WISE photometry of known dusty
WD disks is consistent with previous Spitzer observations. In §3 we report the W1 and W2
flux densities of GALEX1931, rule out any source contamination, and construct plausible
models for the excess we observe around GALEX1931, finding a good fit to the photometry
if we assume an optically thick dust disk. Finally, we present spectroscopic follow-up of
GALEX1931 to verify whether any variability in accretion has occurred on timescales that
are long compared to the implied settling time for metals and to place limits on possible
companions. We present our conclusions in §5. In addition to this work, GALEX1931 has
been detected in the mid-IR from the ground (Mellis et al. 2011, submitted).
2. Confirmation of WISE W1 and W2 First-Pass photometric measurements
The measurements and images we used from the WISE catalogue are co-adds of all
available data for GALEX1931 using “First-Pass” processing that used on-orbit performance
of WISE as part of the pipeline. To help test this pipeline, we have considered the Spitzer
Infrared Array Camera (IRAC) photometry of previously reported dusty WDs that are
also detected in WISE. Since most of these systems are consistent with ∼1000 K blackbody
emission from dust, the peak of their emission occurs at∼3-5µm and represents a departure in
this wavelength range from the spectral slope of Vega that is used to calculate the zeropoints
of the WISE photometric system (Wright et al. 2010). Even so, blackbody emission with a
temperature of ∼1000 K requires corrections at only the ∼2% level as given in Table 1 of
Wright et al. (2010).
Several dusty WDs have been observed with the IRAC camera aboard Spitzer. The
IRAC 1 and 2 bands have central wavelengths and passbands (λc=3.6 and 4.5µm, respec-
tively) that are quite close to the WISE 1 and 2 bands of 3.35 and 4.6 µm. Published
photometry of WD disks in the IRAC bands is listed in Table 1, compared to the equivalent
photometry in the WISE bands. This list is a selection from the full set of known dusty
disks. The average difference in photometric measures in W1 and W2 are -12±7% and -
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4±9%. Based on this result, we see no significant offsets between the two bands within the
uncertainties and expect that our photometry is accurate to the level reported for absolute
WISE photometry. This, however, is a small sample and a full comparison of all known disks
and WD photospheres along with comparisons in the W3 band will be included in the full
WIRED survey results, to be published at a later date.
3. A Dusty Debris Disk around GALEX1931
3.1. Ruling out Significant Source Contamination
A source centered on GALEX1931’s position (as given in Vennes et al. (2010) is clearly
detected with WISE at a S/N≈30 in the 2 bands. The WISE catalogue lists detections at
W3 (S/N∼5) and W4 (S/N∼3), but inspection of the WISE images at these bands shows
either source confusion or noise, and we take these detections as upper limits to the true flux
of GALEX1931. Figure 1 shows the WISE images in W1 and W2. The WISE photometry
of GALEX1931 is listed in Table 2. A bright source is located ∼16′′ to the southeast, but
contamination from this source is negligible. At this separation the wings of the W1 and
W2 PSF from the source are ∼6% of the peak flux in GALEX1931 and a small fraction
of the peak of the PSF (See Figure 11 of Wright et al. (2010)). Additionally, the WISE
first pass data provide profile fit photometry which can deblend and remove any resolved
contamination.
GALEX1931 resides within 10◦ of the galactic plane, where the density of sources is
relatively high. This raises the possibility that a contaminating source with a red spectrum
could be present within the WISE PSF at the coordinates of GALEX1931. For the measured
W1 and W2 magnitudes of GALEX1931, the predicted combined stellar and extragalactic
source counts based on models of the infrared sky for W1 and W2 are 4000 and 3600 sources
per square degree per magnitude, respectively (Wainscoat et al. 1992; Cohen 1993). Inte-
grated over the WISE PSF, with FWHM≈ 6′′, this corresponds to a probability of ≈ 0.03
that a source as bright as GALEX1931 will be found in a given (randomly chosen) PSF
in this region of the sky. Thus, for a randomly chosen location, we expect essentially zero
sources as bright as GALEX1931 to lie within a WISE PSF. Conversely, if we pick a specific
location because we do expect to find a source there (i.e., GALEX1931), then there is a high
probability that the detected source is the one we are looking for.
This alone cannot rule out the presence of an additional (fainter) contaminating source
within the WISE PSF. However, if GALEX1931 is contaminated by an object redder than
itself, then, unless the contaminating object was exactly coincident with the position of
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GALEX1931, the centroid of the detected source would shift at longer wavelengths as the
contaminating source dominated. This is not observed, but to assess the possibility that
there may be fainter sources that contaminate the photometry of GALEX1931, we obtained
archival V-band images from the EFOSC camera that were used to estimate the V magnitude
of GALEX1931 (Vennes et al. 2010) and new images in Ks with the Palomar 200′′Wide Field
Infared Camera (WIRC). The WIRC image was constructed from 7 dithered images taken
on 29 August 2010 with 10s integrations. The images were sky subtracted and combined to
create the final image shown in Figure 1.
The EFOSC image shows one source at a separation of ∼2.′′2 that is within the W1 and
W2 PSF, denoted as source A. Seeing conditions were poor for our WIRC image, but we were
able to resolve A sufficiently from GALEX1931. We then performed relative photometry to
determine its V-Ks colors.
In the V band image source A is well separated from the GALEX1931 PSF and does
not contaminate GALEX1931’s V measurement. We therefore estimated the V magnitude
of source A by measuring the counts in the EFOSC image relative to GALEX1931, which
has V=14 (Vennes et al. 2010). When this is performed we obtain V=18.5 for source A. We
estimate that the uncertainty in this value is no more than 10%.
In the Ks band image, source A is heavily contaminated by the seeing disk of GALEX1931,
and photometry of GALEX1931 is also contaminated by source A. This required the con-
struction of an empirical PSF from bright sources within the 8′×8′WIRC field of view in
order to isolate each object’s photometry. We chose 8 bright sources and median combined
them to subtract off the GALEX1931 PSF to perform aperture photometry on source A, and
vice versa. From aperture photometry of Source A using different scalings to the empirical
PSF, we have determined that 5% errors in scaling (the level at which the subtraction of
GALEX1931 is unnoticeable from the background) corresponds to 10% errors in source A’s
photometry. This dominates other uncertainties so we adopt this value as the uncertainty
in source A’s Ks magnitude.
We then performed relative photometry of both source A and GALEX1931, using other
sources in theWIRC image that are present in 2MASS (Skrutskie et al. 2006). Of the 8 bright
sources we chose, six had reliable Ks photometry in 2MASS (2MASS J19315790+0117363,
J19315456+0117174, J19315382+0117593, J19315292+0118238, J19315111+0116247, and
J19315752+0116132). We took the standard deviation of our measured magnitudes for
GALEX1931 to estimate the uncertainty in its photometry. Based on our aperture photom-
etry relative to these sources in our WIRC image, we derive an uncontaminated magnitude
for GALEX1931 of 14.68±0.05 and 16.1±0.1 for source A. GALEX1931’s revised magnitude
is 0.23 mag dimmer than reported in the 2MASS source catalogue.
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Source A is probably stellar. Its V-K color is 2.4±0.1, consistent with a mid-K spectral
type object. Given its relative faintness compared to GALEX1931 at Ks, it is unlikely to be
a significant source of contamination at the W1 and W2 bands. At these longer wavelengths
a K star is well into the Rayleigh-Jeans tail and its flux density is declining roughly as λ2,
while GALEX1931’s flux density is increasing from Ks to W1 in Table 2.
Based on the low probability of a coincident source, good agreement between the WISE
W1 and W2 positions of GALEX1931 relative to the 2MASS and GALEX positions of
GALEX1931, plus source A’s V-K color, there is little chance that theW1 andW2 detections
are due to a source other than GALEX1931.
3.2. The Nature of GALEX1931’s Excess
We next compare the observed photometry of GALEX1931 with an expected WD pho-
tosphere. We assume Teff=20890 K, log g=7.9, and a distance of 55 pc as inferred by
Vennes et al. (2010) through spectral fitting. Using synthetic photometry of DA models
we can compare the expected photometry of GALEX1931 at V, 2MASS J, H, WIRC Ks,
W1, and W2 (Bergeron et al. 1995; Holberg & Bergeron 2006). In order to predict the flux
densities of the WD photosphere in the WISE bands, we extrapolate blackbody emission
for Teff=20890 K to the WISE central wavelengths. Experience with Spitzer photometry of
WDs at high S/N shows that small deviations from blackbodies can occur, but are generally
not large in magnitude for hotter WDs (Debes 2006; Tremblay & Bergeron 2007).
When we do this we find a small correction of 1% must be made between the WD model
paramters reported byVennes et al. (2010) and the Bergeron models, equivalent to either a
slightly larger radius for the WD or a smaller distance. Regardless, we get a good fit to both
the V and J band photometry of GALEX1931 and use that to determine the wavelength at
which the excess starts.
Within the uncertainties of the 2MASS and WISE photometry, the excess starts beyond
the Ks band with an 18σ excess at W1 and continues to the W2 band with an excess that
is 22σ above the photosphere. Our new WIRC photometry shows that the excess at H
and K reported by Vennes et al. (2010) is probably spurious. Inspection of the 2MASS
Ks image indeed shows a slight extension of the PSF at the position of source A and our
Ks magnitude is 0.23 mag fainter, consistent with Source A contaminating GALEX1931’s
2MASS photometry.
Several simple models can be fit to the data and since there are 2 significant measures
of the excess photometry, we must restrict ourselves to models that require as few free
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parameters as possible. None of these models are necessarily correct, but they provide useful
examples of what could, and could not, be producing the IR excess.
The simplest model is that of a blackbody emitting at a particular temperature and
with a given surface area assuming it is at the same distance as GALEX1931. A good fit is
given by a 900 K blackbody with a surface area 800 times larger than the WD’s, implying
a radius for either a disk or a companion 30 times larger than GALEX1931. This should
conclusively rule out the possibility of a companion at the distance of GALEX1931 as the
source of the excess, since this would imply a radius for the companion of ∼0.3 R⊙, too large
for a brown dwarf. Conversely, it could mean that a 900 K object with R∼ 0.1R⊙ is located
3 times closer than GALEX1931, implying a T dwarf at 18 pc from the Sun. This is, again,
an unlikely scenario, as already discussed with regard to the source counts in the vicinity
of GALEX1931, not to mention the additional requirement that the T-dwarf would have to
be precisely aligned with the position of GALEX1931. In any case, such a scenario is easily
tested by additional observations: a T dwarf that close would most likely have high proper
motion that could easily be detected with a second epoch of NIR images in the K band.
If we restrict ourselves to a face-on (i=0) optically thick disk following the procedure of
Jura (2003), the best fit to the excess at shorter wavelengths is given by a narrow ring with
an inner radius of 29 RWD and an outer radius of 40 RWD (See Figure 2). In this case, the
maximum temperature of the dust is 1100 K.
In reality, the disk likely has non-zero inclination relative to our line of sight. When we
produce model disks with varying angles of inclination, the data allow a maximum inclination
of 70◦ (which is constrained by the upper limit flux density in the W3 band; see Figure 2).
The emission comes from an optically thick disk that extends from 23 RWD out to 80 RWD,
and the maximum temperature of the dust at the inner edge is 1350 K. If the disk has a true
inclination smaller than 70◦, then the disk’s outer radius must be smaller.
The radii can be compared within the context of physical processes, such as the sub-
limation radius of the dust and the tidal disruption radius of minor bodies (Jura 2003,
2008). These radii typically bound the extent of dusty WD disks and are pointed to
as primary evidence that the origin of the dust originates from tidally disrupted mate-
rial that is then accreting onto the host WD after dust sublimation. By definition, we
take the inner edges of the disk to correspond to the sublimation radius, since sublimation
must compete with other grain removal mechanisms which are poorly known. There exist
some dusty WDs that show interior radii much larger than expected for pure dust subli-
mation, these objects may represent the late stages of dusty disk evolution (e.g. G 166-58
and PG 1225-079 ?Farihi et al. 2010). The tidal disruption radius for a WD is given by
Rtidal ∼ (CtideρWD/ρast)
1/3RWD ∼ 44Ctide RWD, assuming a compact asteroid with a bulk
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density of 3 g cm−3, but could extend to ∼63 CtideRWD for a porous asteroid with a bulk
density of 1 g cm−3 (Davidsson 1999; Jura 2003). Ctide is a parameter of order unity that re-
flects the details of a particular disrupting body’s rotation and composition. The possibility
exists that the disk we observe extends beyond the typical tidal disruption radius assumed
for rocky asteroids.
4. Spectroscopic monitoring of GALEX1931’s Photospheric Metal Lines
High resolution optical spectroscopy of GALEX1931 shows strong absorption features
due to Mg, Ca, Fe, O, and Si, implying high rates of accretion for all of these atomic species
(Vennes et al. 2010). Vennes et al. (2010) also noted a super-solar abundance of O and a sub-
solar abundance of Ca, using this as an argument for the presence of a substellar companion
polluting GALEX1931 with a wind (e.g. Debes 2006).
If the spectral lines are due to accretion from either a wind or dust, they may vary on
short timescales, especially since GALEX1931’s settling time should be on the order of a
few days (Koester 2009) and such variability has been claimed in the past (von Hippel et al.
2007; Debes & Lo´pez-Morales 2008). To investigate this possiblility and to look for new
absorption features in this heavily polluted photosphere, we observed GALEX1931 with the
MIKE spectrograph on the Clay Telescope on UT 16-17 June 2010, 8 July 2010, and 2-3
August 2010, for a total of 11800 s of integration time on the source. We used a 0.′′7×5′′slit
which corresponded to a resolution of ∼40,000 at the Ca K line. Th-Ar comparison lamp
spectra were taken near in time to each spectrum of GALEX1931. Bad weather degraded
the first night of spectra, but most strong lines were still detected.
Our data were extracted and flatfielded using the MIKE reduction pipeline written by
D. Kelson, with methodology described in Kelson et al. (2000) and Kelson (2003). In order
to check for variability among the 5 nights of observation, we calculated the equivalent width
(EW) of every spectral feature in each spectrum that was detected with an EW >50 mA˚. To
calculate the equivalent width, we chose a window around the line equivalent to ±3 times
the FWHM of the line as determined by a simple Gaussian fit. We chose several different
polynomial fits to the continuum and added any systematic uncertainty in the continuum fit
to our uncertainties in the equivalent width calculation. Table 3 shows the individual line
equivalent width measurements for each of the nights, as well as an average of the barycentric
corrected velocities of the lines (with the exception of the Mg II doublet at 4481A˚) based on
gaussian fits to each detected line.
In order to determine whether the line strengths vary, we assume that the equivalent
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width of each line is equal to the mean of the observations. We then calculate the χν value
of each line for its departure from a constant value. Given the small number of samples for
each line, we require χν=40, equaling a probability of < 10
−3 that the line deviates from
a constant value even if our uncertainties were underestimated by 50%. From the lines we
consider in Table 3, we find no significant variability over our observations. Despite a very
short expected settling time of ∼6 days for elements such as Ca (Koester 2009), no change
in the accretion rate occurred to the level of 5-20%.
From these five epochs, we can also place upper limits on the mass of any companions
that may be present in short orbits. Given that our observations are separated by at most
three months and with minimum separations of a day, we would be sensitive to radial velocity
variations with orbital periods that range from a few hours to ∼6 months, or for GALEX1931
with M=0.57M⊙, orbits with semi-major axes that range from 0.004 AU to 0.5 AU. The
standard deviation of the velocities reported in Table 3 is 230 m/s, consistent with the
level of epoch to epoch precision of MIKE without an iodine cell (Anglada-Escude´ et al.
2010). Using this as an upper limit to the velocity semi-amplitude (K) for any putative
companions, one can compute the upper limit to companion masses between our limiting
orbital semi-major axes, given by Mpl sin i = M
1/2
⋆ K(rorbG)
−1/2, where rorb is the orbital
semi-major axis assuming a circular orbit. For all separations we rule out any companion
more massive than ∼5 MJup/ sin i. It is possible still to have relatively massive planetary
or substellar companions present around GALEX1931, but they would have to be in almost
face-on orbits to be undetectable. Furthermore, the lack of any excess at J, H, and K rules
out all but substellar mass objects at any separation.
5. Conclusions
We have detected an infrared excess at 3.35 and 4.6µm around the WD GALEX1931
and determined it to be either a very narrow ring of dust or a wider dust ring within the tidal
disruption radius of the WD. Spectroscopic follow-up of GALEX1931 shows no evidence for
any close companions down to planetary mass, which lends support to a disk interpretation
for the excess. Additionally, we have shown that the rate of accretion from the disk onto the
WD does not significantly change at the observed epochs, equivalent to ∼8 metal settling
times for GALEX1931’s photosphere. GALEX1931 is most likely accreting in the steady
state regime, and the accretion itself does not vary at the level of ∼10-20% from month to
month.
We detected GALEX1931 with WISE in the W1 and W2 bands at high signal-to-noise,
implying that we will be sensitive to similar analogues out to ∼180 pc, assuming the WISE
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sensitivity limits quoted above. GALEX1931 represents a bright example of a larger sample
of dusty WDs that will be detected with the WIRED Survey.
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Table 1. WISE and IRAC photometry of Dusty WDs
Name W1 (µJy) IRAC1 (µJy) W2 (µJy) IRAC2 (µJy) Ref.
GD 40 245±10 230±12 213±18 199±10 1
GD 16 390 ±13 486±24 486±23 508±25 2
GD 362 314±7 380±20 413±12 395±20 3
HE 2221-1630 186±9 204±10 140±15 172±9 4
References. — 1–Jura et al. (2007a), 2–Farihi et al. (2009), 3–Jura et al.
(2007b), 4–Farihi et al. (2010)
Table 2. Ks and WISE photometry of GALEX1931
Name Ks (µJy) W1 (µJy) W2 (µJy) W3 (µJy) W4 (µJy)
GALEX1931 895±45 1024±36 925±33 640a 2097a
aThese flux densities are upper limits
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A
EFOSC V WIRC Ks
W1 W2
WIRC−A WIRC−GALEX1931
Fig. 1.— Images of GALEX1931 (top left) at V with the EFOSC camera on the NTT
(Vennes et al. 2010), (top right) at Ks with the WIRC camera on the Palomar 200”, (middle
left) W1, and (middle right) W2. GALEX1931’s position is centered in the circle in each
panel and the potential contaminating source A is marked in the V band image. The bottom
two panels show the empirical PSF subtraction in Ks of (bottom left) source A and (bottom
right) GALEX1931.
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Fig. 2.— Photometry of GALEX1931 compared to synthetic photometry of a similar WD
using the models of Bergeron et al. (1995), a black body with Teff=20890 and scaled to the
V and J photometry of GALEX1931, and two different dusty disk models assuming a flat
optically thick disk.
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Fig. 3.— Selected regions of our high S/N combination spectrum of GALEX1931 in the op-
tical using the MIKE spectrograph on the Magellan Telescopes, including the region around
Mg II (4481A˚), Ca II K (3933A˚), and several Si II lines (3853A˚, 3856A˚, 3862A˚, 4128A˚,
4131A˚).
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Table 3. Equivalent widths of Selected Atomic Elements
Element Epoch 1 Epoch 2 Epoch 3 Epoch 4 Epoch 5 χν,const
16 Jun 17 Jun 8 Jul 2 Aug 3 Aug
Equivalent Widths (mA˚)
Si (3856A˚) 84±20 37±8 52±4 43±3 45±6 15.2
Ca (3933A˚) 90±20 39±13 48±4 55±3 64±6 16.0
Si (4128A˚) 80±30 54±11 57±6 58±4 63±8 2.5
Mg (4481A˚) 410±40 390±20 380±10 370±30 410±20 3.1
Si (5957A˚) 30±19 59±13 47±12 56±7 50±11 2.8
Si (5979A˚) 65±25 31±6 46±6 58±4 48±10 13.8
Si (6347A˚) 132±24 130±10 135±7 128±8 136±12 1.1
Si (6371A˚) 128±16 110±10 101±7 100±6 77±10 10
Vhelio (km s
−1)
36.80 37.16 36.75 37.15 37.27
